We show theoretically that dissipative solitons arising in the transverse plane of nonlinear optical cavities show oscillatory and excitable regimes that can be used to perform all-optical logical operations. This allows for the construction of reconfigurable optical gates that can operate in parallel.
where E( x, t) is the slowly varying amplitude of the electric field, x = (x, y) is the transverse plane and ∇ 2 = ∂ 2 /∂x 2 + ∂ 2 /∂y 2 . The first term in the rhs of Eq. (1) describes the losses and E in is the input field (driving). θ is a detuning between the cavity and E in , and the sign of the cubic term corresponds the so called self-focusing case. If E in = E 0 , where E 0 is an homogeneous field, Eq. (1) has a homogeneous steady state solution implicitly given by
Depending on the values of I s and θ CS arise and can be stationary, oscillate in time while remaining stationary in space or display an excitable behavior [5, 8] . In the last case if suitably perturbed (i.e. with a superthreshold perturbation) the system elicits an excitable excursion with the spatial shape of a CS before relaxing back to the steady state.
Oscillating CS are an example of non-punctual oscillators, i.e. oscillators with an internal structure. The interplay between the coupling and the internal structure of non-punctual oscillators is a general phenomenon not well understood, and this work aims to be an approach to the subject by means of the study of a prototypical case. Here we show how, when two oscillating CS are placed close together, the mutual interaction locks the CS to three different equilibrium distances and leads to the appearance of two limit cycles, one in phase and one in anti-phase. We also show that for very close distances between the structures a beating of the two frequencies of these new limit cycles is observed. Examples of this behaviors are illustrated in Fig. 1 , where we show the maximum of each structure as a function of time, for different distances and values of the parameters. As shown recently, pumping the system with a plane wave an a Gaussian beam on top of it, the threshold of excitability can be tuned [9] . Here we consider three excitable cavity soliton in a linear arrangement, whose position is fixed by the Gaussian localized beam. The two outer cavity solitons will represent the input signals, while the central one will be the output signal. By varying the excitability threshold and the distance between the structures the response of the central soliton to perturbations on the outer ones can be controlled and, therefore, different logic gates can be achieved. The logic gates reported in this work are two gates involving two inputs and one output (the AND and OR gates), and one gate involving one input and one output (the NOT gate). In Fig. 2 we show the operation of an OR gate when one inputs is 1 and the other '0' leading to a 1 bit at the output (center). In this gate, if both inputs are '1' the outpus is also '1'. By increasing the distance or the excitability threshold of the structures it is also possible to achieve an AND gate where both inputs are required to be '1' in order to produce a '1' at the output. The NOT gate can be also realized by using only one cavity soliton not in the excitable regime, but in the oscillatory one. In summary, oscillatory and excitable coupled CS show a rich variety of dynamical behaviors which can be used to perform all-optical logical operations, indicating that potential applications of optical cavity solitions can go way beyond optical storage.
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